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[57] ABSTRACT 

A nonvolatile semiconductor memory apparatus of a refer 
ence type is provided with a memory circuit, reference 
circuit and differential ampli?er. A drain current of a refer 
ence cell transistor is formed such that it becomes almost 
half a drain current of a memory cell transistor, thereby 
enabling the memory circuit to be in symmetric relation with 
the reference circuit. Therefore, a parastic capacitance in the 
memory circuit is made to be almost the same as that of the 
reference circuit, and thus a difference in noise level 
between a noise input to one input of the di?erential 
ampli?er and a noise input to the other input of the di?er 
ential ampli?er is made to be almost zero, thereby speeding 
up the data read-out operation of the semiconductor memory 
apparatus. 

4 Claims, 7 Drawing Sheets 
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NONVOLATILE SEMICONDUCTOR 
MEMORY APPARATUS 

This application is a continuation of application No. 
08/041,536, ?led Apr. 1, 1993, now abandoned, which is a 
continuation of application Ser. No. 07/935,474, ?led Aug. 
26, 1992, now abandoned, which is a continuation of appli 
cation Ser. No. 07/599,445, ?led Oct. 18, 1990, now aban 
doned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a nonvolatile semiconductor 

memory apparatus, e. g., an EPROM, an EEPROM or a mask 
ROM, adopting a reference method pertaining to the data 
reading. That is, this invention relates to a nonvolatile 
semiconductor apparatus comprising a memory circuit part 
equipped with a memory cell transistor, a reference circuit 
part equipped with a reference cell transistor, and a dilfer 
ential ampli?er for outputting the content of the memory cell 
transistor by comparing the output from the memory cell 
transistor with the output from the reference cell transistor. 

Generally, the operation of a nonvolatile semiconductor 
device can be speeded up by adopting a reference method, 
and a further speed up is possible with a reduction in noise 
effect in a differential ampli?er. 

2. Related Art 
A nonvolatile semiconductor memory apparatus adopting 

a reference method has been proposed, as detailed in FIG. 1. 
This nonvolatile semiconductor memory apparatus is an 

EPROM. It comprises a memory circuit part 1, a reference 
circuit part 2 and a differential ampli?er 3, and reads out data 
by comparing the output voltage VWM of the memory 
circuit part 1 with the output voltage VREF of the reference 
circuit part 2. 
The memory circuit part 1 comprises a power source line 

11 supplied with a power source voltage Vcc, e.g. 5 V, an 11 
channel MOS transistor (hereafter referred to as nMOS) 12 
for a load, an nMOS 13 for bit line bias, a sense line SL, 
nMOS 140 through 14", for bit line selection, bit lines BL0 
through BLm, word lines WL0 through WL,, and EPROM 
cells 1500 through 15m making up a memory cell transistor. 
nMOS 12 is a depletion type nMOS whose drain is 

connected with the power source line 11. Its gate and source 
are commonly connected, and its common connection point 
(hereafter referred to as node N MM) is connected to one of 
the input terminals 31 of the diiferential ampli?er 3 
(turnover input terminal 9) and a drain of nMOS 13. 
nMOS’s 13 and 140 through 14", are enhancement type 

nMOS’s. nMOS’s 140 through 14,“, in particular, are the 
same size and have the same characteristics. Here, the 
source of nMOS 13 is connected to the drain of nMOS’s 140 
through 14,,l via the sense line SL. The respective sources of 
nMOS’s 140 through 14,, are connected to the drains of the 
?rst-line EPROM cells 1500 through the (n—1)th line 15,,0, 
the drains of the second-line EPROM cells 1501 through the 
(n+1)th line 15",, . . . , and the drains of the (m+1)th line 
EPROM cells 150", through the (n+l)th line 15"", via bit 
lines BLo through BLm. 
The control gates of the ?rst-line EPROM cells 1500 

through the (m+1)th line 150,", the second-line EPROM 
cells 1510 through the (m+1)th line 151,”, . . . , and the 
(n+1)th line EPROM cells 15,,0 through the (m+1)th line 
15"", are connected to word lines WLO through WL,,, and the 
sources of all the EPROM cells 1500 through 15m are 
earthed. 
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2 
EPROM cells 1500 through 15"," are all the same size. 

Their plan view and cross section are as shown in FIGS. 2 
and 3. Here, 16 is a p type silicon substrate, 17 is a ?eld 
oxide ?lm, 150°C is a channel region, 18 and 19 are SiO2 
(silicon dioxide) ?lms, 1500,76 is a ?oating gate, ISOOCG is a 
control gate in the word line W10, 1500 is a drain region, and 
1500s is a source region. 

This EPROM cell 1500 has a channel width W of 1.5 pm 
(micro meters), a channel length L of 1.0 pm (1 micrometer: 
10,000 angstroms), an overhang length A from the channel 
region 15006 of the ?oating gate 1500,76 of 0.6 pm, an oxide 
?lm thickness tcF between the control gate 1500,36 and the 
?oating gate 1500,76 of 0.03 pm (300 angstroms) and an 
oxide ?lm thickness tFs between the ?oating gate ISOOFG 
and the channel region 1500c, also of 0.03 pm (300 
angstroms). 

Here, the capacitance CCF between the control gate 
ISOOCG and the ?oating gate ISOOFG is expressed as, 

(1) 

and the capacitance CFS between the ?oating gate ISOOFG 
and the channel region 150°C is expressed as, 

where e SiO2 is the relative permittivity of SiO2 ?lms 18 and 
19, and co is the dielectric constant. 

Also, the voltage VFG of the ?oating gate ISOOFG is 
expressed as, 

Cps=eSiO2-e0- (2) 

+ — 
VCG CCF + Crs 

(3) 

where VCG is the voltage of the control gate ISOOFG and QFG 
is the charge of the ?oating gate ISOOFG. Therefore, if there 
is no charge in the ?oating gate ISOOFG, 

CcF 
C CF + Crs 

Substituting equations (1) and (2) into equation (4), 

(4) 

' Vca 

- Vcc 

Substituting W=l.5 pm and A=0.6 pm into equation (5), 

VF6=0'64 Vca 

Therefore, when VCG=S V, 

In the memory circuit part 1 thus con?gured, the gate of 
nMOS 13 is supplied with VBIAS, such as 2.5 V, and bit lines 
BL0 through BLm, i.e., the drains of EPROM cells 1500 
through 15",“, are biased at about 1 V. This is purported to 
prevent a writing due to a so-called soft write phenomenon 
while data are read, if the drain voltages of EPROM cells 
1500 through 15"," are too high. 
Word lines WLo through WLn are each supplied with 

word line selection signals X0 through Xn so that a row is 
selected, and the gates of n MOS 140 through 14,, are each 
supplied with bit line selection signals Yo through Y"l so that 
a column is selected. These word-line selection signals Xo 
through X,, and bit line selection signals Y0 through Y”, are 

(6) 
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all either 5 V (the power source voltage VCC at a selection 
time) or 0 V (the earth voltage VSS at a non-selection time). 

If the EPROM cell selected from among 1500 through 
15"," memorizes the “ON” status, i.e., logical “1”, a drain 
current ?ows through it. Conversely, if the selected EPROM 
cell memorizes the “OFF” status, i.e., logical “0”, the drain 
current does not ?ow through it. Since nMOS’s 12 and 13, 
as well as the nMOS selected from among 140 through 14," 
and the EPROM cell selected from among 1500 through 
15,,,,,, con?gure a current-voltage conversion circuit, the 
existence of a drain current appears as a change in voltage 
VMEMof the node NMEM. 

FIG. 4 shows the IDs-VF‘; characteristic of of EPROM 
cells 1500 through 15,,,,, when the drain bias VDS is l V. 
When VFG=3.2 V in the “ON” status in this EPROM, as 
described earlier, IDS=6O [pA] (micro amperes). 
The reference circuit part 2 comprises a power source line 

21 supplied with a power voltage VCC, nMOS’s 22 and 23 
for a load, nMOS 24 for bit line bias, a reference sense line 
RSL, nMOS’s 250 through 25,, for reference bit line selec 
tion (of which of nMOS’s 250 through 25,,,_1 are selected as 
dummy nMOS’s), a reference bit line RBL, and EPROM 
cells 260 through 26,, making up a reference cell transistor. 
nMOS’s 22 and 2.3 are depletion type nMOS’s the same 

size and having the same characteristics as nMOS 12. 
nMOS’s 22 and 23 are connected in parallel. That is, their 
respective drains are connected to the power source line 21. 
Their respective gates and sources are commonly connected, 
and their respective common connection points (hereafter 
referred to as a node NREF) are connected to the other input 
terminal 32 (nonturnover input terminal (9) of the differ 
ential ampli?er 3 and the drain of nMOS 24. 
nMOS 24 is an enhancement type nMOS of the same size 

and having the same characteristics as nMOS 13. The source 
of nMOS 13 is connected to the drains of nMOS’s 250 
through 25", via the reference sense line RSL. nMOS’s 250 
through 25", are enhancement type nMOS’s the same size 
and having the same characteristics as nMOS’s 140 through 
14,,,. 
The sources of nMOS 250 through 25,,,_,, are earthed, and 

the gates thereof are supplied with 0 V so that they are 
always in the “OFF” status. The source of nMOS 25",, 
however, is connected to the drains of EPROM cells 260 
through 26,, via the reference bit line RBL, and the gates 
thereof are supplied with 5 V so that they are always in the 
“ON” status. 
As for nMOS 13, the gate of nMOS 2A is supplied with 

VBIAS, e.g., 2.5 V, and the reference bit line RBL, i.e., the 
drains of EPROM cells 260 through 260, is biased at about 
1 V. 
EPROM cells 260 through 26,, are EPROM cells the same 

size and having the same characteristics as EPROM cells 
1500 through 15,,,,,. Their respective gates are connected to 
word lines WLo through WL,, and their respective sources 
are earthed. Electrons are not injected into the respective 
?oating gates of EPROM cells 260 through 26,,, which are 
con?gured to be in the “ON” status when the power source 
voltage VcC is supplied to the control gate and to have the 
same drain current as that which ?ows when any of EPROM 
cells 1500 through 15"", of the memory circuit part 1 is 
turned to the “ON” status. 

In the reference circuit part 2 thus con?gured, nMOS’s 
22, 23 and 24, plus any one of EPROM cells 260 through 
26,,, con?gure a current-voltage conversion circuit. Since 
nMOS’s 22 and 23 are parallel connected and their load 
resistance values are set at half that of the memory circuit 
part 1, the voltage VREF of the node NREF is set at the 
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4 
medium of the maximum and minimum values of the 
voltage V MEM of the node NMEM. Such an EPROM uses this 
voltage VREF as a reference voltage. 

Because the node NMEM of the di?’erential ampli?er 3 is 
connected with one of the input terminals 31 (turnover input 
terminal 9) and the node NR” thereof is connected with 
the other of the input terminals 32 (nonturnover input 
terminal 6) ), when VWM>VREF the di?’erential ampli?er 3 
outputs a low level “L” (the earth voltage 0 V) to its output 
terminal 33, and when VMM<VREF the differential ampli?er 
3 outputs a high level “H” (the power source voltage VCC). 
In this case, a voltage di?erence between V1,”;M and VREF of 
50 mV su?ices, and there is no need to change the output 
voltage from the memory circuit part 1 to either the high 
level “H” (power source voltage VCC) or the low level “L” 
(the earth voltage 0 V). In other words, if the node NWM has 
a voltage change as low as 100 mV, data can be read out. 

Therefore, access time of the EPROM adopting the ref 
erence method can shorten the access time. 

Incidentally, in an EPROM adopting such a reference 
method, even when the voltage ditference between VMW 
and VREF is smaller than 50 mV, as long as the differential 
ampli?er 3 can detect the difference, its response can be 
further speeded up. However, in an EPROM of the prior art, 
shown in FIG. 1, when data are read, since the memory 
circuit part 1 and the reference circuit part 2 con?gure 
asymmetric circuits, a difference arises between the stray 
capacitance to the input terminal 31 of the dilferential 
ampli?er 3 and that to the input terminal 32 thereof. 
Therefore, when a noise generated from an output circuit 
(not shown in the drawing) is inputted to input terminals 31 
and 32 of the diiferential ampli?er 3, a difference arises 
between the levels of the noises respectively inputted to the 
two input terminals 31 and 32. As a result, if a further speed 
up of an action of a nonvolatile semiconductor memory 
apparatus is aimed at with a difference between VMEM and 
VREF smaller than e.g. 50 mV, the apparatus tends to be 
a?’ected by noise and to read data erroneously. The problem 
is that no speed-up can be achieved unless this point is 
solved. 
To solve such a problem, this invention provides a non 

volatile semiconductor memory apparatus which adopts a 
reference method having a higher action speed with a 
smaller level difference between the noise inputted to each 
of the two input terminals of the differential ampli?er by 
maldng the stray capacitance to the memory circuit part and 
that of the reference circuit part as near equal as possible. 

SUMMARY OF THE INVENTION 

The nonvolatile semiconductor memory device of this 
invention is a nonvolatile semiconductor memory device 
comprising a memory circuit part having at least a memory 
cell transistor, a reference circuit part having at least a 
reference cell transistor, and a differential ampli?er. The 
dilferential ampli?er outputs the memory content of the 
memory cell transistor by comparing its output with that of 
the reference cell transistor, where the drain current of the 
reference cell transistor approximates the median of the 
drain current of the memory cell transistor when the memory 
cell transistor is conducting and that when it is not. 
A means for setting the drain current of the reference cell 

transistor at midpoint between the drain current at a con 
ducting time and that at a nonconducting time as described 
earlier can be realized by heightening the threshold voltage 
of the reference cell transistor e.g. by injecting impurity 
boron ions into a channel region of the reference cell 
transistor, or by thickening the gate oxide ?lm of the 
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reference cell transistor. Alternatively, it can be realized by 
making the capacitive coupling ratio of the reference cell 
transistor CCFJ(CCF+CFS) smaller than that of the memory 
cell transistor, with the reference cell transistor comprising 
an authentic channel region and a dummy channel region. 
CCF is the capacitance between the control gate and the 
?oating gate. CFS is the capacitance between the ?oating 
gate and the substrate. 

Since the reference cell transistor in this invention is 
con?gured so that its drain current approximates a half of the 
drain current of the memory cell transistor when the memory 
cell transistor is conducting and that when it is not, by 
matching the load resistance value of the reference circuit 
part with that of the memory circuit part. Thus a reference 
voltage can be generated as where the load resistance of the 
reference circuit part is set equal to half the load resistance 
of the memory circuit part, as in the prior art (refer to FIG. 
1), and the drain currents of the reference cell transistor and 
the memory cell transistor are the same. That is, it becomes 
possible to set load resistances (e.g. transistors for a load,) 
of the same number, of the same size and having the same 
characteristics in the reference circuit part as in the memory 
circuit part. 

Hence, this invention enables the level ditference between 
the noises inputted to both input terminals of a differential 
ampli?er to be minimized by making the stray capacitance 
of the memory circuit part and the stray capacitance of the 
reference circuit part equal. 

This invention is realized by heightening the threshold 
voltage of the reference cell transistor by injecting impurity 
ions into the channel region of the reference cell transistor 
or by thickening the gate oxide ?lm of the reference cell 
transistor. Thus, there is no need to newly design the size of 
the reference cell transistor. Otherwise, the reference cell 
transistor is formed in the same process as the memory cell 
transistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram that details an exemplary 
EPROM of the prior art. 

FIG. 2 is a plan view of the EPROM cell con?guring a 
memory cell transistor. 

FIG. 3 is a cross section FIG. 2 across line V'llL-VIII'. 

FIG. 4 shows the IDS-NFC; characteristic of the EPROM 
cell. 

FIG. 5 is a circuit diagram that details the ?rst embodi 
ment when this invention is applied to an EPROM. 

FIG. 6 is a plan view of a part of the memory circuit part 
and the reference part of the second embodiment of this 
invention. 

FIG. 7 is a plan view of the EPROM cell con?guring the 
reference cell transistor of the second embodiment of this 
invention. 

FIG. 8 is a cross section of FIG. 7 across line IV—IV'. 

FIG. 9 is a plan view of part of the memory circuit part 
and the reference circuit part of the third embodiment of this 
invention. 

PREFERRED ENIBODIMENTS OF THIS 
INVENTION 

The preferred embodiments of this invention are 
explained below by referring to FIGS. 5 through 9. Like the 
prior art shown in FIG. 1, the ?rst preferred embodiment is 
an application of this invention to an EPROM. Numbers 
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6 
shown in FIGS. 5 through 9 which are the same as those 
shown in FIG. 1 indicate the same parts, and their explana 
tions are omitted. 

First Embodiment of this Invention 
FIG. 5 is a circuit diagram that details the ?rst embodi 

ment which comprises a memory circuit part 1, a reference 
circuit part 4 and a differential ampli?er 3. The part that is 
different from the EPROM shown in FIG. 1 as the prior art, 
is the reference circuit part 4. 
The reference circuit part 4 comprises a power source line 

21, an nMOS 22 for a load, an nMOS 24 for reference bit 
line bias, a reference sense line RSL, nMOS’s 250 through 
nMOS 25,, for reference bit line selection, a reference bit 
line RBL, and EPROM cells 410 through 41,” con?guring a 
reference cell transistor. The parts that are different from 
those of the prior art shown in FIG. 1 are the parts relating 
to nMOS 22 for a load and EPROM cells 410 through 41,, 

That is, in this ?rst embodiment, only one nMOS 22, the 
same size and characteristics as nMOS 12 in the memory 
circuit part 1 is established as an nMOS for a load. The load 
resistance value of this nMOS 22 is set equal to that of the 
memory circuit part 1. 

Although EPROM cells 410 through 41,l are formed the 
same size as EPROM cells 1500 through 15,,,,, shown in FIG. 
1 of the prior art, the threshold voltage Vt“, of EPROM 
cells 410 through 41,, is set higher than the threshold voltage 
V?,15 of EPROM cells 1500 through IS,,,,,. Thus, their drain 
current approximates half that of EPROM cells 1500 through 
15"," in the “ON" status. At this time, the necessary thresh 
old voltage V,,, di?ers, depending on the component char 
acteristics. For example, if the threshold voltage VM215 of 
EPROM cells 260 through 26,, is 2 V, the threshold voltage 
V,M1 of EPROM cells 410 through 41,l is higher, e.g., 
between 2.5 V and 3.5 V. One way to increase the threshold 
voltage V,,, is to inject boron ion into the channel region. 
When the threshold voltage is heightened by a boron ion 
injection, the size of EPROM cells 410 through 41,, need not 
be newly redesigned. That is, as with the existing EPROM 
cells 260 through 26,, they can be designed to be the same 
size as EPROM cells 1500 through 15",". Also at this time, 
other than the process of ion injection to the channel region, 
the control gates, the ?oating gates, the drains and the 
sources of EPROM cells 410 through 41,l can be respectively 
formed in the same process as that of EPROM cells 1500 
through 15",". 

In this ?rst embodiment, although the nMOS for a load in 
the reference circuit part 4 comprises only one nMOS, i.e., 
nMOS 22, whose load resistance value is set equal to that of 
the memory circuit part 1, since the drain current of EPROM 
cells 410 through 41,, is set at approximately half of that of 
EPROM cells 1500 through 15,,,,,. However, the voltage 
VREF of the node NREF is equal to that the prior art shown 
in FIG. 1. That is, the voltage VREF of the node NREF is set 
at the median of the maximum and minimum of voltage 
VMEM of the node NMEM. Consequently, the memory data in 
EPROM cells 1500 through 15"," can be read, as in the prior 
art shown in FIG. 1. 

Also in this ?rst embodiment, when nMOS 14,,I is turned 
to the “ON” status and bit line BL,,l is selected, for example, 
since nMOS’s 140 through 14,,,_1 are in the “OFF” status, 
the memory circuit part 1 and the reference circuit part 4 
become virtually entirely symmetric circuits. Accordingly, 
the stray capacitance of nMOS 12 for a load, the stray 
capacitance of nMOS 22 for a load, the stray capacitance of 
the sense line SL, the stray capacitance of the reference 
sense line RSL, the stray capacitance of n MOS 140 through 
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14,,, for the selection among bit lines BL0 through BL,,,, the 
stray capacitance of nMOS’s 250 through 25", for selection 
of the reference bit line RBL, the stray capacitance of bit line 
BL,,,, and the stray capacitance of the reference bit line RBL 
are all the same. That is, the stray capacitance of the memory 
circuit part 1 measured from one input terminal 31 of the 
differential ampli?er 3 and that of the reference circuit part 
4 measured from the other input terminal 32 of the difference 
amplifier 3 are approximately ?ie same. This is similar to the 
case where any one of nMOS’s 140 through 14,,,_1 is 
selected to be turned to the “ON” status. 

Hence, according to this ?rst embodiment, the level 
difference between the noise inputted to one input terminal 
31 (turnover input terminal 9) of the diiferential ampli?er 
3 and the noise inputted to the other input terminal 32 
(nontln'nover input terminal 6)) thereof becomes small. 
These noises are offset by the differential ampli?er and has 
very little effect on the data reading. That is, erroneous data 
reading is prevented. 
As explained, since the noise effect is made in signi?cant, 

even if the voltage change at node NMEM is made smaller 
than in the prior art, the data reading of EPROM cells 1500 
through 15,,,,, is easily done. Therefore, this ?rst embodi 
ment has the effect of attaining a higher action speed than the 
prior art shown in FIG. 1. 

Second Embodiment of this Invention 

The circuit con?guration of the second embodiment is the 
same as that shown in FIG. 5. However, the component 
structure of EPROM cells 410 through 41,, is dilferent. 

A plan view of EPROM cells 410 through 41,, is shown in 
FIG. 6. Here, 41°C through 413C, 410M through 413%, 
410,76 through 413FG, and 410cc; through 4136‘; are the 
authentic channel regions, the dummy channel regions, the 
?oating gates, and the control gates, respectively, of 
EPROM cells 410, 411, 412, and 413. 42 is a drain region, 
43 is a source region and 44 is a contact hole. 

EPROM cells 410 through 41,, are all made the same size. 
EPROM cell 410 is explained in detail as being representa 
tive of EPROM cells 410 through 41,,. A plan view is shown 
in FIG. 7 and a cross section is shown in FIG. 8. 45 and 46 
are SiO2 ?lms. 410,, is a drain region. 4105 is a source 
region. 47 and 48 are N‘“ dilfused layers. 

The exemplary dimensions of this EPROM cell 410 are as 
follows. The channel width W of the authentic channel 
region 41°C is 1.5 pm. The channel length L of the authentic 
and dummy channel region 410c and 410m is 1.0 pm. The 
channel width X of the dummy channel region 410m is 40 
pm. The overhang length A from the authentic and dummy 
channel regions 410C and 4100C is 0.6 pm. The space B 
between the authentic channel region 4106 and the dummy 
channel region 410Dc is 2.8 pm. The oxide ?lm thickness tcF 
between the control gate 410cc; and the ?oating gate 410,76 
and the oxide ?lm thickness tFS between the ?oating gate 
410,76 and the channel regions 410c or 4101,‘; are both 0.03 
pm (300 angstroms). 

In this a con?guration, the capacitance CCF between the 
control gate and the ?oating gate of EPROM cells 410 
through 41,, is expressed as, 

far 

and the capacitance CFS between the ?oating gate and the 
substrate is expressed as, 
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When equations (7) and (8) are substituted into equation (4), 

(8) 

Substituting W=1.5 pm, A=0.6 pm, B=2.8 pm, and X=40 pm 
into equation (9), 

That is, the capacitive coupling ratio CcF/(CCF+CFS) of 
EPROM cells 410 through 41,, at 0.52 is smaller than the 
capacitive coupling ratio of EPROM cells 260 through 26,, 
of the prior art shown in FIG. 1 (which is the same as the 
capacitive coupling ration of EPROM cells 1500 through 
15"", in the memory circuit part 1) at 0.64 (Refer to equation 
(6)). Therefore, if 

VCG=5 V 

then, 

VFG=2.6 V 

and the drain current lDS of EPROM cells 410 through 41,, 
becomes 35 pA, which is approximately a half the drain 
current of EPROM cells 1500 through 15,,,,, (refer to FIG. 4). 
The capacitive coupling ratio of 0.52 of EPROM cells 410 
through 41,l in this case is only an example. It generally 
depends on the component characteristics. However, given 
the capacitive coupling ratio of EPROM cells 260 through 
26,, of the prior art being at 0.6, the capacitive coupling ratio 
of EPROM cells 410 through 41,, of the second embodiment 
of this invention is desired to be, e.g., in the range of 0.3 
through 0.5. 

Thus, also in the second embodiment, the number of 
nMOS’s for a load of the reference circuit part 4 is the same 
as the number of nMOS’s for a load of the memory circuit 
part 1(i.e., one) and their load resistance value is also the 
same. Also, the drain current of EPROM cells 410 through 
41,, are con?gured to approximate a half of the drain current 
of EPROM cells 1500 through 15,,,,,. Therefore, as in the ?rst 
embodiment, each of the stray capacitances measured from 
the di?erential ampli?er 3 of the memory circuit part 1 or the 
reference circuit part 4 become almost equal. Thus, the 
action speed is improved from that of the prior art, because 
the noise effect on the diiferential ampli?er 3 is greatly 
reduced. 

Third Embodiment of This Invention 
FIG. 9 is a detailed plan view of a part of the third 

embodiment of this invention. In this embodiment, a refer 
ence bit line RBL and a ground line 51 are drawn between 
the (k+l)th bit line BL, and the (k+2)th bit line BL,,+1 among 
(m+1) pieces of the bit lines BL0 through BL," (where k<m), 
and the dummy channel regions 41006 through 41,,Dc of 
EPROM cells 410 through 41,, along a reference bit line 
RBL are set under the ground line 51 for the contact with the 
source region 43 by avoiding the contact hole part of the 
ground line 51. 
A similar action and effect to the earlier described second 

invention is also obtained, since dummy channel regions 
410DC through 41,,Dc of EPROM cells 410 through 41", are 
set under the ground line 51. Thus, the third embodiment of 
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this invention has the advantage that the entire memory cell 
array is smaller than that of the second embodiment. 

Incidentally, although the application of this invention to 
an EPROM is explained in these preferred embodiments, 
this invention is applicable to various nonvolatile semicon 
ductor memory devices, such as EEPROM’s and mask 
ROM’s. However, for those devices in which the capacitive 
coupling ratio of the reference cell transistor is made 
smaller, as in the second and third embodiments, this inven 
tion is applicable where a memory cell transistor and a 
reference cell transistor comprise an EPROM cell having a 
?oating gate. 

Also, although a transistor is used for a load resistance in 
the above embodiments, basically an ordinary resistance can 
be used. 
As explained, this invention enables load resistances of an 

equal number, of an equal size and having the same char 
acteristics to be built in the reference circuit part and the 
memory circuit part The stray capacitances of the memory 
circuit part and the reference circuit part are made almost the 
same. Thus, the level difference of the noise inputted to the 
input terminals of the di?’erential ampli?er becomes small. 
Therefore, this invention reduces the noise etfect on the 
differential ampli?er and enables faster data reading. 
What is claimed is: 
1. A nonvolatile semiconductor memory device a memory 

circuit part, a reference circuit part and a diiferential 
ampli?er, said memory circuit part including: 

a plurality of memory cell transistors arranged in a matrix, 
each having one of a ?rst threshold voltage for a ?rst 
memory state and a second threshold voltage for a 
second memory state, and each having a total size; 

a plurality of bit lines to which sources or drains of each 
of said plurality of memory cell transistors are com 
monly connected along a ?rst direction of said matrix; 

a plurality of word lines to which gates of each of said 
plurality of memory cell transistors are commonly 
connected along a second direction of said matrix; 

a plurality of selection transistors each connected to a 
terminal of each of said plurality of bit lines, 
respectively, for selecting one bit line of said plurality 
of bit lines; 

a biasing transistor connected to said selected one bit line 
via a corresponding one of said plurality of selection 
transistors, for biasing said selected one bit line; and 

a load transistor, connected to said biasing transistor and 
having a connecting point connected to an input ter 
minal of said differential ampli?er, said reference cir 
cuit part including: 

a plurality of reference cell transistors each having gates 
connected to each of said plurality of word lines and 
arranged respectively corresponding to each of said 
plurality of word lines, each of said plurality of refer 
ence cell transistors having a total size the same as the 
total size of each of said plurality of memory cell 
transistors and each having a total threshold voltage 
between said ?rst threshold voltage and said second 
threshold voltage of each of said plurality of memory 
cell transistors to cause a drain current of said reference 
cell transistor to be approximately a median between a 
drain current of said memory cell transistor having said 
?rst threshold voltage and a drain current of said 
memory cell transistor having said second threshold 
voltage; 

a reference bit line to which sources or drains of said 
plurality of reference cell transistors are commonly 
connected; 

15 

20 

25 

45 

50 

55 

65 

10 
a plurality of selection transistors each for selecting said 

reference bit line, one of said selection transistors being 
connected to one terminal of said reference bit line; 

a biasing transistor connected to said reference bit line via 
said one selection transistor, for biasing said reference 
bit line; and 

a load transistor, connected to said biasing transistor and 
having a connecting point connected to another input 
terminal of said differential ampli?er, 

said di?‘erential ampli?er, having said one input terminal 
connected to said connecting point between said bias 
ing transistor of said memory circuit part and said load 
transistor of said memory circuit part and having said 
another input terminal connected to said connecting 
point between said biasing transistor of said reference 
circuit part and said load transistor of said reference 
circuit part, to compare outputs of one of said plurality 
of memory cell transistors and one of said plurality of 
reference cell transistors and to detect whether said one 
memory cell transistor represents said ?rst memory 
state or said second memory state, 

a total number of said plurality of memory cell transistors 
in one of said bit lines being the same as a total number 
of said plurality of reference cell transistors; 

said plurality of selection transistors of said memory 
circuit part and said plurality of selection transistors of 
said reference circuit part being of the same size, 
having the same characteristics and being of the same 
number; 

said biasing transistor of said memory circuit part and said 
biasing transistor of said reference circuit part being of 
the same size, having the same characteristics and 
being of the same number; and 

said load transistor of said memory circuit part and said 
load transistor of said reference circuit part being of the 
same size, having the same characteristics and being of 
the same number, to equalize each stray capacitance of 
said memory circuit part and said reference circuit part 
as viewed from said differential ampli?er and to elimi 
nate a difference between noise levels input to two 
input terminals of the differential ampli?er. 

2. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein said total threshold voltage of said 
reference cell transistor is controlled by injecting impurity 
ions into a channel region of said reference cell transistor. 

3. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein said total threshold voltage of said 
reference cell transistor is controlled by thickening a gate 
oxide ?lm of said reference cell transistor. 

4. The nonvolatile semiconductor memory device accord 
ing to claim 1, wherein each of said memory cell transistors 
is an EPROM cell having a ?rst control gate, a ?rst ?oating 
gate, and one of said ?rst memory state and said second 
memory state, and each of said reference cell transistors is 
an EPROM cell having a second control gate, a second 
?oating gate, an authentic channel region used as a real 
transistor channel and a dummy channel region used as a 
capacitor, said dummy channel region having a same com 
position as said authentic channel region, said second con 
trol gate and said second ?oating gate being formed from an 
upside of said authentic channel region to an upside of said 
dummy channel region, said reference cell transistor having 
a capacitive ratio (2A+W+B+X)/(2A+2W+B+2X) smaller 
than said memory cell transistor to cause a drain current of 
said reference cell transistor to be approximately a median 
between a drain current of said memory cell transistor 
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having said ?rst memory state and a drain current of said 
memory cell transistor having said second memory state, 
with Abeing an overhang length of said second ?oating gate 
from said authentic and dummy channel regions, B being a 
distance between said authentic channel region and said 

12 
dummy channel region, W being a width of said authentic 
channel region and X being a Width of said dummy channel 
region. 
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